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ABSTRACT 
Improved machine speeds in the production of paper have 
increased the number of wet-end breaks due to wet-webs that 
are unable to withstand the increased stresses at increased 
rates of production. Lyne and Gallay layed the cornerstone 
on which most of today"s knowledge of wet-web strength is 
built. This research attempted to expand on this knowledge 
by determining whether chemicals could be employed to improve 
wet-web strength. 
The results of this experiment indicates that cationic 
polymers do improve wet-web strength at levels of addition of 
160 lbs/ton of pul~ and 1600 lbs/ton of pulp. This indicates 
that cationic polymers are a potential means of improving 
wet-web strength. 
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INTRODUCTION 
Scientific and technological advancements within the pulp 
and paper industry have vastly improved production capabilities; 
but, each advancement brings new problems that must be arrested 
prior to full implementation of innovative . techniques. Machines 
capable of producing superior quality and higher quantity are 
stymied by the inability of the material being produced to with-
stand the rapid speeds of the production lines. The inability 
of wet-webs to withstand the stresses experienced during high 
speed production is a major reason for proauction capabilities 
being lower than machine capabilities; An improvement in wet-web 
strength is necessary if the gap be.tween production and wet-end 
machinery capability is to be reduced. 
The ultimate strength of paper is a complex function ofs 
1) fiber length, 
2) fiber surface conditions which affect fiber slippage, 
J) size of the fihe·rs, 
4) orientation of the fibers in the sheet, 
5) density of the sheet, and 
6) most important, the amount of fiber-fiber bonding (J). 
Except for the density of the sheet and fiber-fiber bonding, all 
of these factors are established prior to departing the wet-end .• 
Factors 1,2,J, and 6, will be discussed in the section dealing 
with Pulp and its Preparations Influences on Wet-Web Strength; 
factors 4,5, and a further discussion of 6, will be elaborated on 
in Mechanism of Web Formations Water-Fiber Relationship to Web 
Strength. 
1 
THEORETICAL DISCUSSION 
Pulp and its Preparation, Influence on Wet-Web Strength 
Increased strength in paper is directly related to the 
proportion of long fibers present in that sheet, the degree of 
fiber fibrillation, and the swelling and collapsing capabilities 
of the fiber (1,2,J,4,5). All of these factors are directly 
related to the type of wood, springwood or summerwood, softwood 
or hardwood, it initially came from and the degree of refining the 
fiber was exposed to. 
Softwood fibers are longer and have greater flexibility than 
hardwoods. In most cases the elasticity of the softwood fibers 
are superior to hardwoods. On the basis of inherent properties, 
greater strength is achieved with softwood fibers (2,J,4). 
The ability of a fiber to withstand compression forces with-
out explosion of fiber walls is a function of the brittleness of 
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the fiber wall (J). Springwood, if sufficient moisture is present 
during formation, is more malleable than summerwood. The significance 
of compressability is realized in the press section where the amount 
of fiber-fiber bonding is dramatically increased by external pres-
sure "smashing" the fiber into a more compact web. If the fibers 
are too brittle the fibers split or fragment when exposed to this 
pressure resulting in increased fines content and decreased bonding 
capacities. 
The degree of refining is the most important and successful 
means employed by pulp manufacturers in the regulation of sheet 
strength and, as will be discussed later, influences the rate at 
which fiber flocculation occurs. Refining influences the eventual 
fiber length, swelling capabilities, freeness, degree of fibrillation, 
fines content and curl of the fiber; all of which influence web 
strength. Refining does not dramatically alter the compressibility 
of the fiber which is an inherent characteristic of the fiber (8). 
Increased refining results in a decreased fiber length, an 
increase in swelling capabilities until a maximum level is 
obtained. After this, further refining results in the destruction 
of fiber walls rather than a weakening of the wall. Increased 
refining also increases the degree of fibrillation and the amount 
of fines present. 
Fiber length is important in that long fibers demonstrate a 
higher degree of flexibility, which is essential for good web 
strength. Ideally, long fibers will weave themselves throughout 
the web allowing for greater intercourse between different 
sections of the web. Fibrillation is important since it increases 
surface area for more fiber-fiber bonding points. Thus, refining 
results in earlier fiber-fiber bond formation and improved web 
strength in comparison to unbeaten pulp (5). 
Brecht (2) demonstrated the curling capabilities of a fiber 
is slightly increased when beaten, but a maxium in curl is achieved 
with minimal refining . . Brecht showed that beaten fibers of similar 
length as unbeaten fibers exhibited higher tensile strength. He 
concluded that web strength,whether wet or dry, is affected more 
by the degree of fiber curl than by the average fiber length. 
Brecht further demonstrated that the presence of fines in a 
web interferes with fiber-fiber bonding resulting in decreased web 
strenth. The stresses that a fiber-fine web can withstand is less 
than that of a fiber-fiber web. The fines can act as a bridge 
between fibers resulting in an indirect fiber-fiber bond and 
imparting improved strength where bonding would not have occurred. 
The stresses that a fiber-fine web can withstand are influenced 
by the breaking load capacity of each of the components, the 
ratio of long fibers to fines, and the apparent density . of each 
component. 
The enigma at the beater is whether web strength is increas-
ed more by increased fiber fibrillation which increases fine 
content and decreases fiber length or can strength be increased 
more by maintaining long fibers which are slightly fibrillated 
possessing high curl length and low fines content? A definitive 
answer has yet to be returned regarding this question. 
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Mechanism of Web Formation, Water-Fiber Relationship to Web Strength 
Wet web formation consists of the increase in fiber content 
as water is removed from the pulp slurry. Lyne and Gallay (6) and 
Robertson (8) have shown the relationship of dehydration of pulp 
slurries to formation of wet-web strength. Illustration 1 is a 
reproduction from the two article.es and is the basis for discussion 
in this section. 
Pulp slurries land on the wire at less than 5% solids content. 
The strength exhibited by the web at this point results from inter-
fiber friction and surface tension forces between fiber and water 
(5). Nissan (10) states that it is difficult to envision how 
frictional traction can arise other than from molecular fields of 
force. When cellulosic fibers are brought together, the forces 
resulting in strength must be predominately hydrogen-bond fields. 
The work predominantly implies that some sort of secondary force 
might be contributing to the strength of the web; this force 
might be frictional in nature. The net result of surface tension 
forces is the preparation of the web for interfiber bonding(5). 
Surface tension forces maintain a dominating roll in web strength 
until a solids content of approximately 20% is achieved {J). The 
decline in importance of surface tension is related to the degree 
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of air intrusion that is present. Air intrusion begins in the 12-20% 
range. Decrease in surface tension and the beginning of air intru-
sion is depicted by point A in Illustration 1. 
Going from point A to point C interfiber capillary water is 
replaced by air but leaves an extrinsic film of water around the 
fibers (J). The slight increase in strength in this region results 
from initial hydrogen bonds being formed. The web during this 
interval is c.onsidered both elastic and plastic in nature because 
of its capabilities to reform fiber-fiber relationships and the 
ability of the web to stretch when exposed to stress. The plastic 
nature of the web decreases as solids content increases (8). 
B 
R 
E 
A 
K 
I 
N 
G 
L 
E 
N 
G 
T 
H 
I 
N 
M 
E 
T 
E 
R 
s 
10,000 
1,000 
100 
10 
0 10 20 30 40 50 
% Solids 
.6 
Illustration 11 Breaking Length vs.% Solids (6) 
Br eaking Length (meters)= (tensile)(sample length in meters) 
Wt. in Grams of Dry Sample 
Point C represents the point at which hydrogen bonding- be-
comes the dominate source of interfiber strength. Point C also 
represents the Critical Solids Content (C) where "no free water 
remains and the removal of associated water is accompanied by a 
sharp ri.se in tensile strength" (8). Robertson mathametically 
deducedd that Critical Solids Content could be determined by 
the equation, 
C = 100 
@ + .J8 
where@ equals the specific volume of the pulp. Point C normally 
occurs in the J0-35% solids range for most pulps. C is influenced 
more by the method of web preparation than by the method of drying 
(8). 
Above point C the caliper of the web decreases as fiber-fiber 
bonding m.ncreases until a minimum thickness is obtained I this 
minimum corresponds to a maxium in wet-web strength. Hydrogen 
bonding gradually becomes the dominate force of strength as trapped 
water at contact points becomes the exclusive exterior water present 
in the web. Wet-web strength will achieve a maximum strength 
value which corresponds to the removal of all exterior water not 
present at fiber-fiber contact points after maximum swelling has 
been achieved. Any excessive drying of fibers results in brittle 
fibers which are unable to exhibit elastic characteristics 
necessary to withstand stresses (5). 
A summary explanation of Illustration 1 leads to ·the following 
conclusions, 
l) Bapid increase in strength prior to point A results 
i'rom increased surface tension forces. as the web 
becomes more compact due to dehydration of waters 
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2) Air intrusion into the web occurs around point A 
resulting in increased fiber-fiber contact and 
initial hydrogen bonds are formed; 
J) Point C, Critical Solids Content, represents the 
point at which fiber-water-fiber (hydrogen bonding) 
becomes the dominate factor in wet-web strength; 
and 
4) The sl~pe of the curve prior to point A is 
greater than after point C because any further 
contraction of the web beyond point C is resisted 
by fibers, under air drying conditions (5,8). 
The segment between points A and C can be reduced if wet 
pressing is utilized. Wet pressing also decreases fiber curl(;). 
Isoelectric Point 
To increase wet-web strength at low consistency it is neces-
sary to increase the number of hydrogen bonds that are present .and 
the rate at which they are formed. Addition of chemicals to pulp 
slurries might act as a bridge by which fiber-fiber links could 
be indirectly established, but Britt (11) has indicated that such 
bridging does not necessarily imply equal or superior bonding 
strength as that of a fiber-fiber hydrogen bond. Another method 
of increasing the rate of hydrogen bond ·formation is to increase 
the fiber-fiber attraction forces by approaching a zeta potential 
of zero. Poppel (12) explored the chemical alteration of the zeta 
potential of pulp as a means of predicting the properties of the 
finished paper product. A synopsis of his report follows. 
Cellulose fibers possess a negative charge which is associated 
with the presence· of carboxyl groups. The number of -COOH groups 
present is determined by the type of raw material, the method and 
degree of digestion, the presence of accompanying impurities, etc. 
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Three theories attribute the .existance of these charges to, 
1) perferred adsorption by cellulos of certain ions 
from the solution; 
2) the dissociation of functional groups; 
J) the alignment of the molecular dipoles which 
occurs in the composition in the liquid phase. 
Poppel used polyamine-polyamide-epichiorhydrin resin (PPE) 
to alter the zeta potential of beaten and unbeaten pine sulfate 
pulp. He concluded from his research that upon achieving the 
isoelectric potential of the pulp, 
l) maximum dewatering rate occurred; 
2) microflocculation or agglomeration of the fibers 
took place more readily; 
J) the highest filtration rate was obtained; 
4) the maximum fiber retention and the isoelectric 
point were related as seen in Illustration 2; 
5) the breaking length of the fiber suspensions 
reached a maximum value in the vicinity of the 
isoelectric point of the pulp as viewed in 
Illustration J and 4. 
Poppel concluded that his research 
" ••. supports the assumption that the surface properties 
of the fibers, and particularly the electrokinetic potential 
decisively influence the conditions of the interaction 
between the fibers. 
"Supprisingly, a maximum value or a clear jump in the 
breaking length of papers in the dry state occurs with a 
zeta potential equal to zero. This is indirect proof that 
there is a good correlation between the breaking length of 
the suspension and the breaking length of the paper. The 
explanation is that under the favorable conditions of con-
tact and flocculation which exist at the isoelectric point 
of the pulp, the formation of paper in the preceding phases 
as well a.s the subsequent processes are improved; this 
final ly contributes to a better bonding of the fibers in the 
~alidified paper structure. 
" .•. that by controlling the zeta potential of the sus-
pensions with either electrolytes or polyelectrolytes, the 
streaming conditions of the pulp on the paper machine during 
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the formation of the sheet : the drainage and physical 
properties of the paper can be predetermined and 
controlled." 
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Table 1 lists methods of influencing zeta pot ential. This 
experiment will be concerned with altering the zeta potential by 
controlled chemical treatment with the assumption that the random 
and physical means of influence listed in the table are consistent 
throughout this experiment. 
Controlled 
Treatments 
At Random 
Table 1 
Ways to Influence Zeta Potential 
S·-use of polyelectrolytes -pH changes -Functional group substitution 
(_ 
on cellulose chains 
-Cellulose grafting 
-Adding ·cationic and anionic 
agents 
-Beating 
-Drying 
-u.v. irradiation 
-I.R. irradiation 
irradiation 
-Seasonal change in process water quality 
-Freeze-thaw 
-Cellulose over-dehydration 
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Illustration 4 
Wet Breaking Length vs.% PPE (12) 
Point A: Isoelectric Point 
Graph Ia No additives except PPE 
Graph II1 Auxiliary Substances Added 
NOTE, The author refers to the wet breaking length of pulp suspensions, I 
assume this to mean th~ tensile strength of a wet-web. Questions 
as to whether the wet breaking length depicted in this graph is a 
measurement of wet-str~ngth or wet-web strength have been raised. 
Nothing in the literatur~ indicates that wet-strength, i.e., re-
sistance to wat~r penetratfon into a formed sheet, was being in-
vestigated , nor measured; : therefore, I assume that the above graph 
represents wet-web tensile strength. 
' . 
Stress Application to Wet-Web 
The ability of a wet-web to withstand stress is determined 
by the mobility of its components (5). The strength of the web 
results from: 
1) the free fiber length, i.e., section of fiber 
between two fiber-fiber bonds, uncurling as 
stress is applied; 
2) the ability of fibers to rearrange themselves 
in the direction of stress application; and 
J) the reorientation of fibers constituting a 
structural entity themselves (5). 
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The mobility required for these movements results from fiber 
curl and what Casey (J) has refered to as the presence of "mobile 
water" at fiber-fiber bonding points. Greater amounts of mobile 
water enhance the capabilities of fibers to form new bonds as the 
web is strained. The hydrogen bonds formed in the presence of water 
are capable of withstanding bond angle distortion (8). Failure of 
the wet-web to withstand stress application:.is a deficiency in 
bonding strength, "not the lack of ultimate intrinsic fiber 
strength" ( J) • 
Strength Determination of Wet-Webs 
There are two classes of instruments involved in the measure-
ment of wet-web strength. The first and least commonly employed 
instrument measures the bursting strength. Lyne and Gallay (7) have 
demonstrated t hat , ..,tbere· is no direct correlation between the results 
of this test and the ability of a wet-web to be picked up off the 
wet end, nor to any stresses that the web may be exposed to during 
production. 
The second type of instrument measures the tensile strength 
of the web. Since manufacturer-Bare concerned about the ability 
of the web to be stretched, this test gives data that is directly 
applicable to the paper machine (7). Further discussion of 
strength measurement will be aimed at evaluation of tensile 
strength measurement because of its direct application tb the 
paper machine. 
There are two types of tensile machines, both of which give 
slightly erroneous values. The Instron tester requires that a 
wet-web sample be placed vertically between two sets of jaws. 
The errors arise because, 
1) the plastic capabilities of the wet-web results 
in an instantaneous decrease in caliper at the 
top jaw while producing stresses at the top jaw 
not experienced on the paper machine; 
2) the pressure exerted ·by the jaws results in the 
forced flow of water from the jaw area down to 
the la.wer sections of the test sample (2,7). 
The downward flow of water increases ~he moisture content of the 
lower extremities resulting in a decreased web strength (7). 
The second type of tensile tester requires the horizontal 
placement of a wet-web sample between two sets of jaws. Horizon-
tal placement negates the problem of water flowing down the sheet. 
If the jaws are lined with absorbent material the problem created 
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by jaw pressure is reduced (7), The horizontal -test procedure 
achieves strength values more nearly consistent to actual calculated 
values (7), 
Whether measured by vertical or horizontal testing, the 
following factors influence the values obtained, 
1) strip width, 
2) basis weight, 
3) rate of loading, 
4) solids content, and 
5) deviations in sheet making procedures (7). 
Sample dimensions and rate of loading have only minor effects 
on final results (2). Instruments employing constant rates of 
loading do not measure the actual stress on the fibers but 
measure the applied stress on the web structure; thus, strength 
values are a determination of bonding strength and not fiber 
strength (7), 
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Previous Work on Chemical Improvement of Wet-Web Strength by Students 
Wayne Nay (9) did his senior thesis in 1967 ~ - chemically 
altering the surfac-i: tension forces and viscosity of wet-webs. 
Nay used carboxy propyl-methyl-cellulose, a cationic starch, oleic 
acid, and sodium hydroxide to alter the surface tension forces 
and viscosity of the softwood bleached kraft slurry. Illustration 
5 shows that under Nay's conditions as surface tension decreased 
so did the wet-web strength. W:i th reduced ·surface tension there 
was less tendency for the fibers to flocculate and the fibers 
decreased in ability to overcome the repulsive forces of the 
negative ·charges on the fibers. 
Nay's results, shown in Illustration 6, indicate that as 
viscosity is increased, the 0 wet-web strength . is decreased. Nay 
attributes this to an increase in lubricating film between fibers 
whiofu allows the fibers to slide through a web with less resistance 
when stress forces are applied. 
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EXPERIMENTAL PROCEDURE 
The procedure for this experiment is designed to measure 
the breaking length of treated and untreated wet-web samples. 
This experiment is intended to measure whether wet-web strength 
can be improved by addition of chemicals and whether the charge 
associated with that chemical is influential in the final results. 
Procedure 
A. 50-50 mixture of Weyerhouser hardwood and Espanola 
softwood was refined to a Canadian Standare Freeness 
of J50 in a Valley Beater. 
B. 27 grams, by oven-dried weight, of fiber was placed in 
10 liters of distilled water and placed in an agitated 
holding container. 
C. 1 liter of pulp was extracted from the agitated tank 
and placed in a 2-leter glass beaker (only if chemicals 
are to be added). 
D. The prescribed quanity of chemical was added and agiated 
for two minutes with a magnetic stirrer. 
E. Distilled water was placed in the Noble &' Wood Sheet 
Mold followed by the Brecht Strip Former. 
F. The pulp solution was then added. 
G. A web was formed, strip former ·lifted off the web, and 
web pressed to desired solids content. 
H. The strip was remove-d from the web by folding a corner 
of the web and then lifted with tweezers and placed on 
the testing area· of the Brecht Wet-Web Tester. 
I. Prior to placement of test sample on tester, a layer 
of paper towels, equal in size to the area of specimen 
that would not be tested, was placed on the testing 
site. The web sample was placed on the layer of towel 
and another layer of towel was placed on top of sample 
in the identical manner. (The towel acts as a means of 
adsorbing the moisture released when weights are placed 
on top of sample) 
J. Weights, associated with the Brecht Tester, are then 
placed on the sheets. 
K. Measurement of breaking length is then performed by 
allowing water to drip, at a constant rate, into con-
tainer until strip breaks. The volume of water and 
its temperature are determined, this gives the tensile 
strength of the sheet. 
19 
L. A J cm strip is taken from directly around the site 
of the break by cutting the web with a scalpel like 
instrument. 
M, This portion was then weighed and dried at ,10,5° i• for 
1.5 hours and weighed again to determine ~oisture 
content. 
N. Calculations to determine breaking length, illustrated 
in Appendix 1, were then made. 
Equipment 
A. Noble & Wood Sheet Mold with agiated supply storage 
tank. 
B. Brecht Wet-Web Tester. 
C. Valley Beater. 
Chemicals 
A. Cationic Polymers 
l. Cat-Floe T-1, 20% solids, Low Molecular Weight, 
Levels of addition were 1 ml/liter of pulp and 
10 ml/liter of pulp (pulp at 2,5% consistency 
throughout this experiment). 
2. Cat-Floes 15% Solids, High Molecular Weight, 
Levels of addition were 1.JJ ml/liter and of 
pulp. 
B. Anionic Polymers 
l. Polyox WSRN-?50-21J7s 5% Solids, Low Molecular 
Weight; Levels of addition were 4 ml/liter and 
40 ml/liter of pulp. 
2. Hydraid 7711 5% Solids, High Molecular Weight; 
Levels of addition were 4 ml/liter of pulp and 
40 ml/liter of pulp. 
20 
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PRESENTATION AND DISCUSSION OF RESULTS 
Results 
The results for this experiment can be found in Appendix 2. 
Discussion of Results 
Line I of Illustration 7 represents the Breaking Length 
results of untreated pulp and anionic treated pulp. The values 
achieved by treating the pulp with anionic chemicals closely 
duplicate.d the results achieved from untreated pulp. The use of 
a Three-Way Analysis of Variance Table showed that with a 95% 
confidence interval the values achieved with anionic addition 
could not be separated from the values of untreated pulp. 
One observation about anionic treatment should be noted. 
The ability to separate a speciman from the web sample and place 
it on the testing apparatus was frequently reduced during this 
phase of the experiment. The sample appeared to be much looser 
in construction. It is conceivable that the values obtained for 
anionic addition is a reflection of fiber slippage rather than a 
measurement of tensile strength. Many of the webs formed were 
inconsistent in formation and more fibers than normal adhered 
to the sides of the sheet mold. This may be attributed to either 
increased negative charge in the fiber enviroment increasing the 
repulsive forces between fibers or the high level of concentration 
of polymer present. 
Lines I and II display a similarity in shape and location 
of inflection points. The first inflection point for Line I, 
A(I), is located at the 18% solids level and has an approximate 
breaking length value of 20 meters. For Line II the first in-
flection po.int, A(II), has shifted to the 25% solids level and 
a breaking length of approximately 210 meters. According to 
Lyne and Gallay (5) the first inflection point, .in ,this case 
A(I) and A (II), represent the point at which air intrusion 
begins. The increase from 18% solids for A(I) to 25% solids 
for A (II) might be due to the presence of the chemical delaying 
air intrusion into the web structure. 
Of primary importance is the increased value in breaking 
length achieved in Line II. This improved strength can probably 
be attributed to the formation of fiber-chemical-fiber bonds in 
regions that previously experienced very little bonding. Zeta 
Potential determination showed that the charge associated with 
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the untreated solution had gone from negative to a positive value 
of almost equal magnitude in the solution treated with the low 
molecular weight cationic chemical. If we can assume that repulsive 
forces of similar magnitudes occur at negative and positive values 
of equal absolute values, the improved strength can not be 
attributed to increased fiber attraction. 
The rate of improved strength experienced from A (II) to B {II) 
is slightly greater than- the rate of strength improvement from 
A(I) to .B{I). Hydrogen bonding begins to form in this region and 
previous means of bonding ·reduce in significance. Although there 
was a slight advancement towards the isoelectric point, the slight 
improvement in rate of strength development can probably be attributed 
more to the presence of fiber-chemical-fiber bonds formed prior to 
A(II) rather than any improvement in fiber attraction for one another. 
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It seems unlikely that the slight advancement towards the 
isoelectric point resulted in the difference in rates. 
Lyne and Gallay (6) stated that beyond Point B(I) hydrogen 
bonding becomes the dominate force in tensile strength. An 
evaluation of Lines I and II show two lines that begin to con-
verge after their respective Point B. The evaluation of several 
treated and untreated sheets (moisture content equal to 7% and 
basis weight equal to 2.5 grams) resulted in basically identical 
results. This indicates that the cationic polymer probably 
plays a significant role only in the early stages of web forma-
tion. Lines III, IV and Vall show noticeable increases in wet-
web strength at solids contents less than 60%. Exactly what 
happens to the polymer at solids levels greater than 60% needs 
to be investigated. 
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The following general trends are noticable fromi. studying 
Illustration 7. First, when comparing webs treated with the same 
cationic chemical a higher degree of strength exists at the higher 
leve·l of addition when the solids content of the web is less than 
40%. When the solids content exce~ds 40% the lower level of 
concentration exceeds the higher level in web strength. This 
can be seen by comparing Line II with III and Line IV with V. 
Secondly, a comparison between molecular weights at the same 
level of addition show that at dilute states the higher molecular 
weight imparts greater wet-web strength than the lower molecular 
weight. As the sheet dries and the solid content increases the 
sheet treat&d w-ith the lower molecular weight polymer displays 
superior breaking strength. This can be observed by comparing 
Line II with IV and Line III with V. 
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Exact causes of these trends are not known but one as.sump-
tion is that in dilute states, where bonding normally does not 
largely exist, strength improvement is a reflection of the bridg-
ing capabilities of the polymer. Assuming that the high and low 
molecular weight polymers have the same structure and chemical 
repeating chain, the higher molecular weight polymer would have 
greater length thus is more capable of spanning the distances 
between fibers in dispersion. 
The trend depicted in the graphs at solids levels beyond 
40% solids might be attributed to the size and concentration, of 
the polymer and its ability to obstruct hydrogen bond formation 
between fibers. At higher levels of concentration more chemical 
particles are present to occupy sites normally reserved for 
hydrogen bond formation. Also, the normally longer chained, 
higher volume particle associated with a high molecular weight 
polymer, compared to a lower molecular weight polymer of same 
chemical repeating unit, enjoins the fibers from contact. 
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CONCLUSIONS 
The evidence from this experiment indicates that in webs 
of less than .60% solids improved tensile strength can be achieved 
by using cationic chemicals. Both the molecular weight and level 
of addition are factors in determining the degree of strength 
improvement. Higher molecular weight, cationic polymers gave 
better wet-web strength improvement at both levels of addition 
than the lower molecular weight cationic polymer at similar 
levels of addition. 
The results of this experiment failed to indicate whether 
anionic or nonionic chemicals could actually improve wet-web 
strength. The results merely indicate that the anionic and 
nonionic chemicals used here failed to five results significantly 
different than: those achieved from untreated webs. 
RECOMMENDATIONS 
This experiment was initially designed to measure whether 
maximum wet-web strength could be achieved at the isoelectric 
point. Since no chemical had previously been announced as being 
capable of altering web strength of paper, lab time was consumed 
with evaluating the performance of comparable molecular weight 
anionic and cationic polymers on wet-web strength. Since the 
results indicate that the cationic polymers enployed in this 
experiment did improve wet-web strength further investigation 
should be directed towards investigating whether these chemicals 
can improve web strength at commercially used levels of addition, 
i.e., .4 lbs/ton for these chemicals. 
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If strength improvement is achieved at this level, further 
investigation should be aimed at evaluating th,e level of addition 
necessary to achieve the isoelectric point and whether at this 
addition maximum wet-web strength is realized. 
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Appendix 11 Calculations Used in Experiment 
Tensile Strength (gm) = Mass of Water required to Break Strip (gm) 
Unit Width of Strip 
Breaking Length (m) = {Tensile Strength (gm) (Length of Strip (m) 
Dry Weight of Test Sample 
Appendix 21 Data Points From Experiment 
Untreated Wet-Web 
Solids1 
29.4 
25.2 
32.4 
28.3 
65.2 
64.8 
65.3 
16 .4 
44.6 
53.6 
35.4 
37.6 
36.5 
41.1 
16.5 
26.6 
58.7 
62.1 
53.9 
66.3 
Breaking Lengthal'fl'I) 
19.9 
11.0 
11.5 
14.1 
127.0 
84.5 
151.1 
13.9 
23.7 
134.8 
18.6 
24.9 
22.4 
23.9 
12.3 
13.5 
51.9 
.56 .3 
63.2 
176.o 
Cat-Floe T-11 1600 lb/ton 
°fa Solids I Breaking Length I lff)) 
21. 7 322 
22.4 326 
20.9 292 
21.3 310 
34.5 273 
35.0 282 
42.2 148 
42.9 149 
37.8 227 
38.2 239 
48. 1 202 
49.0 207 
49.5 212 
50. 1 218 
50.J 223 
18.3 J38 
19.2 332 
15. 9 281 
16.3 365 
22.8 408 
Cat-Floe T-11 
';b Solids1 
28.8 
37.7 
24.2 
23.5 
35.4 
1.5.6 
13.8 
48.8 
51.2 
46.J 
47. 1 
48.6 
33.6 
35.4 
29.6 
30.7 
31.3 
21.1 
21.9 
22.4 
28.4 
28.9 
J0.2 
36.4 
37.0 
19.2 
20.8 
160 lb/ton 
Breaking Length 1 , "") 
327 
149.6 
464 
459 
172 
91 
81 
212 
212 
269 
218 
211 
262 
297.6 
230 
227 
233 
354 
366 
390 
236 
250 
2.56 
338 
3.53 
.35 
>36 
Cat-Floe, 
'/; Solids, 
20.8 
21.6 
18.3 
19.1 
19.9 
35.1 
36.o 
41.0 
41.8 
40.9 
47.6 
48.1 
48.4 
37.4 
38.8 
16.2 
17.1 
21.6 
22.3 
28. 1 
160 lb/ton 
Breaking Length1\w.) 
458 
451 
304 
289 
295 
254 
254 
207 
215 
193 
205 
211 
212 
220 
232 
295 
301 
284 
281 
205 
Appendix 21 cont. 
Cat-Floes 
Sol ids: 
20.1 
21.4 
19.2 
20.J 
31 .2 
31 .6 
J0.7 
31.. .3 
47.9 
l-1,8 0 J 
35.2 
31.4 
51.4 
54.3 
62.3 
63. 1 
58.6 
59.2 
29.6 
JO.O 
22.8 
23.4 
27.4 
27.9 
Solidss 
18.3 
18. 8 
22.5 
23.3 
58.3 
59.2 
61.4 
62.0 
35.8 
36.1 
42.4 
42.6 
48.2 
48.7 
21.5 
22.1 
31.6 
32.2 
1600 lb ton 
Breaking Length:tff>) 
430 
473 
339 
338 
440 
46 1 
294 
285 
207 
209 
259 
279 
207 
214 
219 
218 
209 
210 
327 
306 
399 
387 
357 
355 
Breaking Lengthst'R'\) 
15.0 
14. 1 
16.8 
17.9 
71.9 
70.3 
151.0 
151.0 
20.5 
21.1 
23.0 
22.6 
26.4 
27.3 
16 .5 
15.9 
19.9 
18.7 
JO 
Polyox WSRN-7501 160 lb/ton 
% So lids I Breaking Lengths l ">) 
18.4 14.8 
19.3 13.3 
25.6 16.3 
25.9 18.9 
66.9 157 
67.2 170 
38.1 21.0 
38.9 22.0 
42.0 24.0 
42.6 23.0 
53.3 67.9 
54. 1 68.0 
28.3 13.9 
28.8 14. 1 
37.5 19.9 
37.8 21.9 
33.7 53.0 
44.6 22.9 
45.3 24.6 
61.4 148 
62.0 154 
Hydraid 7711 160 lb/ton 
% Solids s Breaking Length I l "1) 
23.6 15.8 
24.1 16.0 
19.2 14.1 
19.6 14.8 
29.6 18.8 
30.2 17.9 
37.5 , 19.7 
37.9 20.4 
45.4 23.7 
45.8 24.o 
17.7 13.8 
17.9 13.3 
55.9 71.0 
56.4 68.8 
64.4 147.l.JJ 
65. 1 153. 9 
68.4 181.0 
68.9 179.0 
, . 
Appendix 21 cont. 
Hydraid 7711 1600 lb/ton 
% Solids1 Breaking Length:~'fll\ . 
18.5 13.J 
19.1 14.o 
2J.4 16.4 
2J.8 17.3 
36.7 26.4 
37.2 25.8 
48.4 24.4 
48.8 25.6 
37.5 21.8 
37.9 22.7 
33.2 21.0 
33.7 21.9 
63.5 152.0 
63.9 149.0 
68.4 179.0 
68.8 172.0 
50. 3 ~59.7 
50.8 61.3 
39.4 27.J 
40.2 26.9 
19.4 15.3 
19.6 14.4 
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